Several area navigation systems for large aircraft have appeared on the market recently. The more complex of these include both numeric and alphabetic keyboards.
The alphabetic keyboards used are generally arranged ABC ....Z in a square or rectangular array. However, previous studies have shown advantages for the standard (QWERTY) arrangement for data entcy, even if the user population has a very low level of typing ability. The typing ability of commercial pilots was not known.
A sample of airline and cormerclal pilots was tested on a standard computer keyboard (QWERTY). They were found to have a useful level of proficiency in operation of this keyboard.
Implications for the design of alphabetic keyboards for airborne use are discussed. However, the letter keyboards adopted by the manufacturers have so far been arranged alphabetically, in a square or rectangular array. The reasoning for this arrangement would seem to be that since the user population (pilots) are not typists, no advantage is gained by arranging keyboards in standard (QWERTY)
format. However, two studies (Hirsch, 1970; Michaels, 1971) have shown that, even for untrained typists, there are advantages for the QWERTY arrangement.
Hirsch ( We could infer from these studies, then, that, if there is any typing skill at all in a sample of typical users of an area navigation system, it would be advantageous to arrange a keyboard for them in the standard (QWERTY)
order. If they had little or no typing skill (average of less than 1.25 keystrokes/s) it would make little difference which keyboard arrangement was used, except that we would not expect them to improve much with practice on the alphabetic version.
_at speed and accuracy would be attained by a sample of pilots using a standard keyboard?
The answer would have a bearing on the design of keyboards, for, if a significant speed and accuracy were attained, it would tend to indicate that pilots were already familiar with the QWERTY arrangement, and that negative transfer might occur if they were to use any other arrangement.
Certainly, no other 26 letter arrangement would be faster on the average without extensive training of the pilot population, since Michaels and Hirsch have shown that even untrained typists do better on QWERTY keyboards. Also, those with training on the standard arrangement would need to unlearn it, thereby making their learning curves slower to reach an asymptote; therefore, the overall effect would be poorer performance for any nonstandard arrangement.
The skill level of airline and commercial pilots as typists was not known. However, acceptance of the "computer operating" task was good.
Practice text was provided, and the pilot was allowed to practice until he felt he had "gotten as good as he was going to get" in a short time on the machine, typically about 5 mln. Tile number of practice characters they typed varied from fewer than one line to two or three paragraphs. When the subject stated his readiness, the practice text was replaced with similar test material. Both practice and test materials were taken from the introduction of a paper by 1_enwick (1970) and consisted only of letters and punctuation.
RESULTS
The results are shown in Table i . Except as noted, all pilots wf,re employed by airlines, flying jet transports. The mean number of keystrokes/_ was 1.54, thus placing the ability of these subjects between Michaels "low"
(1.24/s) and "middle" (2.19/s) typing ability groups.
DISCUSSION
The results show that a sample of pilots will have a small, but useful amount of typing skill. Michaels (1971) demonstrated that an alphabetically ordered keyboard showed no advantages over the standard arrangement in output rate, error rate, or speed of learning, for skilled or unskilled typists.
. (1970) concluded that the alphabetical keyboard is certainly not better than, and may not be as good as, the standard keyboard for relatively lowskilled typists. This finding does not change after 7 h of practice on the alphabetic keyboard. Therefore, from the findings of these two studies, together with the results of the present study, it follows that:
Hirsch
i. For pilots, a QWERTY arrangement of keys would be preferred for future systems that require more than ver_ limited use of an alphanumeric keyboard.
2. For any key arrangement, a designer should minimize inflight use of such a keyboard, due to the high error rates shown in this study, and the higher ones expected with any keyboard under vibration conditions (Fenwick, 1970) .
3. Even on the ground, and with a QWERTY keyboard, designers should expect that pilots will not greatly exceed the approximately 1.5 keystrokes/s found in this study.
4. The error rates (4.3 errore/mln, average) shown in this study imply that a quick, simple means of verifying and correcting alphabetic entries should be provided in future syster_B.
It can be argued that these RNAV system keyboards will be little-used, and usually will be punched one-handed. As Hirsch pointed out, one of the advantages of the QWERTY keyboard is that it concentrates the most-used keys toward the center of the keyboard area, and therefore no matter how many fingers are used, it would probably show some superiority due to the smaller visual search area. Also, anyone who had had some experience with the QWERTY format would have little or no search problem.
Designers of these systems might also give some thought to locating a keyboard on an umbilicus or in a location such that it could be easily used with one or both hands. In this way, large volume entry (typical of preflight preparation) could be quickly performed on the ground; but if something had to be changed in flight, such minor changes could be done with one hand. 
